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Project Information: 
The MESSENGER mission has found that Mercury has a magnetic field strong enough to stand off the solar wind from the
surface under average solar wind conditions. However, the degree to which the surface is shielded under extreme conditions,
especially interplanetary coronal mass ejection (ICME) impacts, is not known. The high subsolar pressure and intense
reconnection accompanying these events will tend to expose the surface to direct solar wind impact. However, Mercury has a
very large electrically conducting core, which is expected to decrease the compressibility of the magnetosphere due to solar
wind-driven induction currents. Mercury's tenuous atmosphere is maintained by photo-desorption, micrometeorite impact
vaporization, and sputtering from the surface. In this manner the solar wind in the inner solar system, Mercury's magnetosphere,
atmosphere, and the planet itself are all coupled and believed to respond strongly to solar activity. The primary goal of this
investigation is to discover response of Mercury's atmosphere and magnetosphere to ICMEs. Our investigation will use
numerical simulations and MESSENGER observations of Mercury's atmosphere and magnetosphere to: 1) understand and
characterize the structure of ICMEs at Mercury's orbit (0.3 -0.5 AU); 2) discover the changes in the magnetosphere during ICME
impact especially changes in configuration and internal dynamics that will affect the flux of solar wind and magnetospheric
charged particle flux to the surface and produce sputtered neutrals; and 3) determine the average and maximum effect of ICME
impact on Mercury's atmosphere. The propagation and modeling of ICMEs to Mercury in the MESSENGER observations will be
carried out using WSA-ENLIL and the Alfven Wave Solar Model (AWSoM) MHD simulations. These models will also be used to
reconstruct historical events, such as the Bastille Day 2001 and Halloween 2003 ICMEs, but as they would have appeared at
Mercury's orbit. The magnetosphere will be modeled with the BATSRUS global MHD model with embedded and two-way
coupled Particle-in-Cell (PIC) domains using the iPIC3D code. The use of Hall MHD in combination with embedded regional PIC
(MHD-EPIC) allows a proper representation of the fast reconnection. This is necessary because of the very high reconnection
rates measured by MESSENGER. The interior of Mercury will be modeled as a layered finite resistivity body that allows for
induction currents. The response of Mercury's neutral exosphere, including sources/losses and transport of neutrals and photo-
ions, will be investigated with the Adaptive Mesh Simulator (AMPS). The BATSRUS, iPIC3D and AMPS models are integrated
into the Space Weather Modeling Framework (SWMF) and coupled together. This sophisticated coupled model can capture the
response of the exospheric neutral and ion species to ICMEs by accounting for the variation of the sputtering source. The
results of these simulations will be compared, validated, and used to guide analysis of the observations returned by the
MESSENGER mission. Our contribution to the Space Weather at the Terrestrial Planets Focused Science Topic will be the
improved understanding, characterization and modeling of the effects of ICME impact on surface bounded exospheres (Mercury
and Moon) and intrinsic field magnetospheres of terrestrial-type bodies (Mercury and Earth).
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